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The desirability of a skin test to aid in the diagnosis of
gonorrheal infection has long been apparent, and much work has
been done in the search for an agent of this character. Irons,1' in
1908, observed a rise in temperature, increase in malaise, and
exacerbation of joint symptoms following subcutaneous injections
of dead gonococci in patients with gonococcal arthritis. In some
instances he noted at the site of injection a local reaction-tender-
ness, edema, and erythema. He suggested that these reactions
might be utilized as a diagnostic procedure. In 1909, Bruck8 noted
that when gonococcal vaccine was used therapeutically there might
occur marked skin reactions at its site of inoculation. He believed
that this phenomenon, like the tuberculin test, might be of value
in the investigation of gonorrhea. Following these beginnings,
many workers tried various antigens, such as whole dead bacteria,
live bacteria, glycerinated extracts, autolyzed gonococci, and gonor-
rheal pus from patients, with variable results. The diagnosis of
gonorrhea by means of the skin reaction with whole bacteria, or
with vaccines prepared from them, was completely rejected by
Strempel and Louis at the 1930 Dermatological Congress in
Konigsberg (Casper5). A review of the literature on this subject
from 1910 to 1935 is given by Corbus.8
In an attempt to reduce toxicity and yet maintain antigenic
properties, Hirschfelder,10 in 1913 was the first to try fractiona-
tion of the gonococcus. He employed a suspension of gonococci
digested by 2 per cent pancreatin, subsequently neuttalized and
*This paper, prepared by Edward Martin, is based upon a Thesis submitted
to the Faculty of the School of Medicine, June, 1938, in candidacy for the degree
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filtered, the filtrate being used as a vaccine. Thompson and
Thompson"6 devised a method of detoxication which employed
mechanical disintegration of the cocci. None of these workers used
his preparation to test skin reactions.
Tillet and Francis,"5 in 1929, demonstrated highly specific skin
reactions provoked by the capsular polysaccharides of pneumococci.
This reaction was produced only by the polysaccharide homologous
in type to that of the pneumococcus causing the disease. The so-
called nudeoprotein fraction of the pneumococcus evoked a delayed
response which bore no relation to the type of pneumococcus caus-
ing the infection.
In 1930, Casper' used agglutination with rabbit immune sera
to separate the largest portion of gonococci cultures from cases of
acute gonorrhea into two groups, designated I and II. From
each group he isolated a protein-free, alcohol-insoluble, water-
soluble polysaccharide. The type I carbohydrate was thermostable,
while the type II carbohydrate was thermolabile. Injected intra-
dermally intopatients with gonorrhea, these carbohydrates produced
type-specific skin reactions of the delayed type, while no reactions
could be induced in normal persons. Casper also isolated from the
gonococci a non-specific, carbohydrate-free protein which, injected
in minute doses into normal persons, or into patients suffering from
diseases other than gonorrhea, induced marked skin reactions. He
suggests that the recognition of the nature of this last substance
supplies an explanation of the unsatisfactory results of previous
experiments in this field, in which the whole gonococcus was used.
Boor and Miller,2' 1 Mutermilch and Grimberg," Barbellion,1
and Feld,9 using methods similarto that of Casper, isolated polysac-
charide fractions from dead gonococci. Their methods involved
boiling at some stage in the extraction which would have destroyed
any of the type II thermolabile polysaccharide of Casper. All of
their fractions produced delayed allergic skin responses; Boor and
Miller in immunized rabbits, the others in patients with diverse
gonococcal infections.
Unfortunately, nitrogen determinations were not made on any
of the gonococcal polysaccharides which have been described, except
the species-specific carbohydrate of Boor and Miller, which con-
tained 4.2 per cent nitrogen, so that it is difficult to make compari-
sons of purity.
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Several workers have tried to provoke a diagnostic skin reac-
tion with the Corbus-Ferry gonococcus bouillon filtrate. Clarke,
Ferry, and Steele,6 using the filtrate detoxified by boiling for one
hour, obtained positive reactions in the majority of 300 individuals
tested. Attempts to establish a relationship between these skin
reactions and recent, remote, or chronic infection were unsuccessful.
Conrad7 obtained 49 positive reactions from 50 cases of gonorrhea,
and only 9 positive reactions in 50 individuals who had never been
infected. Corbus,8 using the filtrate detoxified by autoclaving,
reports that there is during infection a definite allergic state which
he believes ceases with the disappearance of the gonococci.
If bouillon filtrates of the gonococcus contain a substance to
which patients infected with the gonococcus exhibit an allergic skin
reaction, it was believed that isolation of this substance, free of
protein and other contaminants, might provide an antigen of high
specificity and sensitivity. In view of the work of Casper, and of
Mutermilch and Grimberg, the agent of greatest promise seemed
to be in the carbohydrate fraction of the filtrate. Corbus-Ferry
bouillon filtrate* was chosen as the material from which isolation of
the antigen was to be attempted, because of its availability and of
the prior work of Corbus.
* Dr. N. S. Ferry of the Parke-Davis Company furnished generous quantities
of the gonococcus bouillon filtrate (Corbus-Ferry), greatly expediting the prepara-
tion of the antigen. He states (personal communication) that the broth described
by Clarke, Ferry and Steele6 is no longer used in preparation of thre filtrate.
The present formula is as follows:
Veal Infusion
Peptone (Witte) 1.0%o
Sodium Chloride 0.5%o
Glucose 0.1%70
After sterilization and adjustment to a pH of 7.6, sterile ascites fluid is added to the
amount of 5 per cent.
This medium is seeded with polyvalent gonococci. The strains of Neisseria
gonorrheae used were obtained from acute urethral infections, and their identity
verified by Miss Noble of the Parke-Davis Culture Bureau Section. It is possible
to obtain a luxuriant growth in the form of a heavy pellicle with a clear underlying
broth. To avoid autolysis as much as possible, the cultures are allowed to incubate
not longer than 4 to 6 days, after which they are at once passed through a bacteria-
proof filter and tested for sterility. The final product is not concentrated.
347YALE JOURNAL OF BIOLOGY AND MEDICINE
Extraction of the dnigen
The accompanying diagram shows schematically the process of extrac-
tion of the Corbus-Ferry bouillon filtrate.
200 cc. of filtrate
I
Autoclave twice: Filter
I ~~~~~~~~~~~~~~~I
Filtrate Sediment
I discard
Add 1%o acetic acid: Centrifugalize
Supernatant Precipitate
I. discard
Neutralize with N/l0 NaOH: Evaporate to 10 cc.
Add 70 cc. 95%o alcohol. Centrifugalize
I 1
Precipitate Supernatant
I discard
Dissolve in 10 cc. H20: Repeat precipitation with 95%o alcohol four times
t - I
Precipitate Supernatant
I discard
Dissolve in 10 cc. H20: Add N/10 HCl to a pH of 4.2: Centrifugalize
.I .l
Supernatant Precipitate
discard
Evaporate to 10 cc.: Precipitate with 95%o alcohol two times
I I~~~~~~~~~~~~~~~~~
Precipitate Supernatant
I discard
The yield was 700 mgm. of an amorphous powder.
The final product was readily soluble in distilled water and in 0.9 per
cent saline. It was insoluble in ether and absolute alcohol. It gave
strongly positive Molisch tests in dilution of 1:50,000. Before hydrolysis,
a 0.2 per cent solution failed to reduce Fehling's and Benedict's solutions.
After boiling for 7 minutes with an equal volume of concentrated HCI,
slight reduction was noted; this changed to marked reduction after boiling
for 14 minutes. Iodine tests were negative. A 0.2 per cent solution gave
negative xanthoproteic, trichloracetic acid, Hopkins-Cole, Millon's and
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sulfosalicylic acid tests. The biuret test was negative. Kjeldahl nitrogen
determinations* showed the material to contain 9.5 per cent nitrogen.
Because the alcoholic solutions containing the carbohydrate fraction had been
permitted to settle overnight several times, it was believed that any trace of
protein left would have been denatured.
The high nitrogen content indicated that some protein was still present;
therefore, further purification of the antigen was attempted by washing 300
mgm. with absolute alcohol and ether, and then, after dissolving in 20 cc.
of distilled water, resorting to ultrafiltration. Approximately 10 cc. of
substrate and filtrate were obtained. The substrate was then dissolved in
10 cc. of distilled water, precipitated with 7 volumes of 95 per cent alcohol,
and centrifugalized at a speed of 2500 r.p.m. for one hour. A brownish
precipitate was noted in the bottom of the beaker, while a heavy fine white
precipitate was dispersed through the alcohol. The supernatant alcohol was
decanted and to it a pinch of sodium acetate was added. After 24 hours
the material which had been in suspension was at the bottom of the beaker.
The supernatant was decanted and the precipitate washed with absolute
alcohol and ether. It was then dried in the open. At first white, it was
then observed to turn a light tan on drying. This material.had approximately
twice the skin activity of the original substance; the ultrafiltrate had none.
The skin-test
Twenty milligrams of the dried final product were placed in solution
in 10 cc. of sterile 0.9 per cent saline. The solution was passed through a
No. 5 Mandler candle and then placed in a sterile rubber-stoppered vial.
No preservative was used. Frequent tests of sterility were made. Of this
material, 0.1 cc. containing 0.2 mgm. of the dried product was injected intra-
dermallyinto the forearm. Erythema and induration were measured at the end
of 24 hours, the greatest dimension being recorded. In nearly all cases the
reaction was circular, so that this measurement represented the diameter
of the reaction.
Results
Normal Subjects
The reactions of 55 subjects who had a negative history for
gonorrhea are given in Table I. Subject No. 3 reacted with what
he estimated as a 2 cm. area of erythema and induration 24 hours
after injection, at which time he had to absent himself from school
because of fever and laryngo-tracheitis. Retested 1 week later,
*Nitrogen determinations were done by Miss H. A. Geer of the Chemical
Laboratory, Department of Surgery.
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after recovery, his reaction was 3 cm. of erythema and induration.
A gonococcus complement fixation test at this time was negative.
In none of the other subjects was a reaction greater than 1.0 cm.
of erythema and 0.5 cm. of induration noted. This reaction will
be used as the dividing point between results designated as positive
and negative reactions.
TABLE I
REACTION OF CONTROL GROUP
Subject
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
Erythema
cm.
0.7
1.0
3.0
0.0
0.9
0.5
0.6
0.4
0.5
0.3
0.3
0.0
0.6
0.7
0.3
0.2
0.0
0.0
0.0
0.5
0.5
1.1
0.7
0.3
0.7
0.6
0.7
0.3
Induration
cm.
0.0
0.5
3.0
0.0
0.9
0.0
0.5
0.4
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Subject
No.
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
Erythema
cm.
0.5
0.5
0.5
0.0
0.5
0.8
0.3
0.0
0.0
0.7
0.7
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.5
0.0
0.5
1.0
0.0
0.0
0.5
Induration
cM.
0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.4
0.0
0.0
0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Subjects w4th Gonorrhea
Twenty-five patients, diagnosed as having
tested. The results appear in Table II.
gonorrhea, were skin
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TABLE II
REACTION OF PATIENTS WITH GONORRHEA
Subject Erythema Induration Subject Erythema
No. cm. cm. No. cm.
56 3.5 3.5 69 1.5
57 2.0 2.0 70t 0.0
58 1.0 0.0 71 2.5
59 0.5 0.0 72 1.3
60 2.0 2.0 73 1.7
61 2.0 0.0 74 0.0
62 0.5 0.5 75 2.0
63 2.0 1.5 76t 0.0
64 3.0 0.5 77t 0.0
65* 2.5 0.5 78 2.0
66 2.5 0.5 79 0.5
67 1.5 1.0 80t 0.0
68 0.0 0.0
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Induration
cm.
1.5
0.5
2.5
1.5
1.4
0.0
2.0
0.5
0.5
0.5
0.5
1.0
J. F. Mahoney, Director of the Venereal Disease Research
Laboratory of the United States Public Health Service, skin-tested
68 male patients in the genito-urinary wards of the United States
Marine Hospital at Stapleton, New York. A summary of his
results follows:
TABLE III
Subjects 24-hour Erythema
0-5 6-9 10-13 14-14+
mm. mm. mm. mm.
27 failed to respond
to sulfanilamide.... 3 1 10 13
7 'acute gonorrhea
untreated ............10 0 6
5 chronic gonorrhea
untreated with
sulfanilamide 1...... 1 3 0
18 acute gonorrhea
(1-20 days)treated
successfully with
sulfanilamide ...... 3 5 3 7
2 subacute gonor-
rhea (21-31 days)
treated successfully
with sulfanilamide 0 0 1 1
5 chronic gonor-
rhea (32 days or
more) treated suc-
cessfully with sul-
fanilamide .....1 1 2 1
* Husband of No. 78.
24-hour
0-4 5-8
mm. mm.
Induration
9-12 12-12+
mm. mm.
19 2 4 2
3 2 1 1
4 0 1 0
14 1 3 0
1 0 0 1
4 0 1 0
t Skin pigmentation made reading of erythema difficult.YALE JOURNAL OF BIOLOGY AND MEDICINE
From the data offered above it appears that if we include in
the group classed as acute gonorrhea the cases reported by Dr.
Mahoney and our own, there were 10 cases. In these the symptoms
and signs of gonorrhea had been present for from 1 to 20 days. Of
these 10 cases, 6 (60 per cent) gave positive skin reactions.
There were 56 patients having chronic gonorrhea (signs and symp-
toms had been present for more than 20 days) and positive reactions
were elicited in 22 (39.3 per cent).
That hypersensitivity tends to disappear with cure is indicated
by the lower incidence of positive skin responses in the patients (in
Mahoney's series) who were clinically cured under sulfanilamide
therapy. In the acute gonorrhea group, of 18 subjects only 4
(22.2 per cent) remained positive. Taken together, of 25 patients
treated successfully with sulfanilamide, 6 (24 per cent) retained
their hypersensitivity.
Discussion
From a gonococcus bouillon filtrate of Corbus-Ferry a substance
was isolated which was not precipitable bydilute acetic acd or hydro-
chloric acid. It wasinsoluble in 83 per cent and in absolute alcohol,
and was readily soluble in distilled water and in 0.9 per cent saline.
That this substance contained a polysaccharide was shown by the
strongly positive Molisch tests, the marked reduction of Fehling's
and Benedict's solutions after hydrolysis with concentrated hydro-
chloric acid, and its failure to pass through a No. 300 cellophane
membrane. It did however contain 9.5 per cent Kjeldahl nitrogen.
That all of this nitrogen was not in the form of protein was indicated
by the passage of a portion of this nitrogen through a No. 300
cellophane membrane, and the very small quantity of nitrogen
which was precipitable with trichloracetic acid in the fraction which
did not pass through the membrane.
That the substance isolated was a product of the gonococci which
grew on the veal medium is supported by the fact that the medium
alone does not produce skin reactions in patients with gonorrhea.
It is improbable that the chemical procedures altered a fraction of
the medium so that it was endowed with antigenic properties for
patients with gonorrhea. It seems probable that the substance iso-
lated contained the polysaccharide which Mutermilch and Grimberg
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used in their skin tests and is probably the type I specific polysac-
charide of Caspar.
Three attempts to isolate a water-soluble polysaccharide from
filtered gonococci grown in the Corbus-Ferry bouillon were unsuc-
cessful. These failures may be explained by the ready solubility of
the gonococcal polysaccharides.
The reaction of erythema and induration reached its maximum
24 hours after intradermal injection, and was greater in extent and
duration in patients affected with gonorrhea than in normal sub-
jects. In case No. 2 in which the reaction was followed for that
length of time it persisted for 7 days.
The less satisfactory results with chronic gonorrhea are perhaps
explained by Caspar's inability to isolate a protein-free precipitable
fraction from a degenerated strain and the assumption of a degenera-
tion "in vivo."
The work ofTillet and Francis, which showed that an immediate
urticarial reaction was produced in patients with pneumonia by the
pneumococcus polysaccharide, would lead one to expect a similar
immediate reaction to a gonococcal polysaccharide in patients with
gonorrhea. However, the studies of Boor and Miller with im-
munized rabbits, and those of Caspar, Mutermilch and Grimberg,
and Barbellion and Feld, on man have shown that a delayed allergic
response is secured to the polysaccharides of the gonococcus. The
delayed allergic response was of the type we observed in all but
two instances. An immediate urticarial wheal and erythema were
seen in subject No. 56 following an intradermal injection of 0.2
mgm. This reaction reached its height (1.5 cm. wheal and 5 cm.
erythema) in about one-half hour. It was gone at the end of 8
hours. The site of injection showed no induration or erythema
24 hours after injection. An immediate urticarial wheal also devel-
oped in the writer wheninjected with the original fraction, the ultra-
filtrate, and the substrate fractions, whereas in prior tests involving
the injection of 0.2 cc. of the heated bouillon filtrate and four 0.2
mgm. injections of the isolated substance over a period of 2 months,
no such responses had been elicited. Passive transfer (Prausnitz-
Kiistner) to a fellow student was accomplished. The significance
of the immediate reaction has not been determined.
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Summary
1. A fractional precipitation procedure has been applied to a
broth medium in which polyvalent gonococci had grown for from 4
to 6 days. By the use of this technic it was possible to isolate an
amorphous powder having properties strongly suggestive of a
polysaccharide.
2. Intradermal injections of 0.1 cc. of 0.9 per cent saline con-
taining 0.2 mgm. of the powder produced a reaction greater than
1.0 cm. of erythema and 0.5 cm. of induration in 6 (60 per cent)
of 10 patients with acute gonorrhea, and in 22 (39.3 per cent) of
56 patients with chronic gonorrhea. One of 55 normal subjects
(1.8 per cent) exhibited a reaction exceeding 1.0 cm. of erythema
and 0.5 of induration.
REFERENCES
1 Barbellion, P., and Feld, L.: Compt. rend. Soc. de biol., 1936, 121, 1578.
2 Boor, A. K., and Miller, C. P.: J. Exper. Med., 1934, 59, 75.
3 Bruck, C.: Deutsch. med. Wchnschr., 1909, 35, 470.
4 Casper, W.: Klin. Wchnschr., 1930, 9, 2154.
5 Casper, W.: J. Immunol., 1937, 32, 421.
6 Clarke, L. F., Ferry, N. S., and Steele, A. H.: J. Immunol., 1931, 21, 233.
7 Conrad, C. K.: New York State J. Med., 1936, 36, 1767.
8 Corbus, B. C.: J. Urol., 1936, 35, 112.
9 Feld, L.: J. de med de Paris, 1936, 56, 207.
10 Hirschfelder, J. o.: J. Am. Med. Asso., 1913, 60, 1061.
11 Irons, E. E.: J. Infect. Dis., 1908, 5, 279.
12 Lavietes, P. H.: J. Biol. Chem., 1937, 120, 267.
13 Miller, V. P., and Boor, A. K.: Proc. Soc. Exper. Biol. & Med., 1931, 28,
1046.
14 Mutermilch, S., and Grimberg, A.: Compt. rend. Soc. de biol., 1935, 120,
587.
15 Tillet, W., and Francis, T. Jr.: J. Exper. Med., 1929, 50, 687.
16 Thompson, D., and Thompson, R.: Brit. Med. J., 1922, 796.